positive and negative symptoms were worse. Subjective responses to unusual voices were stronger in hallucinating patients than in nonhallucinating patients. Conclusions: Daily-life activities of hallucinating patients may be less easily influenced by odd auditory stimuli in a nonsocial situation than those of nonhallucinating patients; however, hallucinating patients may feel more strongly affected by unusual voices. To better evaluate and thereby understand the difficulties faced by hallucinating patients in their daily life, the discrepancies between objective and subjective measures as well as social situations should be taken into consideration.
a quarter of schizophrenia patients experience command auditory hallucinations of suicide and one third of them attempt to commit suicide [3] .
Schizophrenia patients have their own coping strategies including emotional and social aspects for overcoming difficulties induced by auditory hallucinations [4] . In order to develop effective interventions for coping with enduring auditory hallucinations, it is necessary to understand how the annoying symptom affects the daily lives of patients. However, investigation of the influences of auditory hallucinations on the daily lives of patients has relied solely on their subjective reports [5, 6] . Because many schizophrenia patients have difficulty in describing their hallucinatory experiences, alternative measures should be taken to objectively evaluate responses to auditory hallucinations.
The virtual reality technique has been used successfully in psychiatric fields. For example, it has been used as an exposure tool during cognitive behavioral therapy for various phobia patients [7] [8] [9] . The authors of this study also reported that the technique was useful as an assisting tool for role-play exercises during social skills training [10] and for measuring interpersonal behaviors in schizophrenia patients [11] . The technique is particularly valuable in providing objective parameters for the evaluation of behavioral characteristics in various dailyliving environments [12, 13] . In addition, an internetbased virtual reality system has been used for education on how to cope with hallucinations [14] . Therefore, based on a variety of previous applications, the authors expected that the virtual reality technique could be used to objectively evaluate the behavioral characteristics of hallucinating patients if auditory hallucinations were embodied as a form of unusual voices in a virtual environment.
It should be noted here that social situations need to be considered when conducting the evaluation. Previous studies have suggested that personal, interpretational and cognitive characteristics produce an effect on responses to auditory hallucinations [15] [16] [17] . Likewise, a social situation can affect the manifestations of auditory hallucinations; they lead to corresponding human behaviors and are related to changes in brain activity [18] , and impairment in source monitoring is considered to be a pathophysiology of auditory hallucinations [19] .
The purpose of this study was to evaluate the effect of unusual voices on the activities of daily life in schizophrenia patients. In order to obtain objective data of the daily living environment, we developed a virtual reality task in which unusual voices were used as simulated auditory hallucinations and a social situation was embodied by the presence or absence of avatars. In providing both hallucinating and nonhallucinating patients with this task, we addressed two issues regarding differences between the 2 groups: one was if hearing unusual voices affected task performance and the other was if there was a difference in subjective responses to these voices. We hypothesized that the impact of unusual voices on daily activities would be different according to the social situation, and that, compared to nonhallucinating patients, hallucinating patients would be less easily influenced by unusual voices because of their familiarity with auditory hallucinations.
Methods

Participants
Thirty-six schizophrenia patients and 20 normal controls [10 men and 10 women with a mean age of 28.9 years (SD = 6.0) and a mean education of 15.6 years (SD = 2.6)] participated in this study. Based on the endorsement of auditory hallucinations, patients were divided into 2 subgroups: 18 who were currently experiencing auditory hallucinations were assigned to the hallucinating group [11 men and 7 women with a mean age of 30.9 years (SD = 6.1) and a mean education of 14.8 years (SD = 6.2)], and 18 who had never experienced auditory hallucinations were assigned to the nonhallucinating group [12 men and 6 women with a mean age of 26.0 years (SD = 5.5) and a mean education of 14.2 years (SD = 2.3)]. All patients were recruited from psychiatric outpatient clinics and the healthy controls were recruited from the local community. All participants were screened for psychiatric diagnoses using the Structured Clinical Interview for the DSM-IV (SCID-IV) [20] by a psychiatrist (J.-K.H.). Normal controls were eligible if they did not meet any criteria for psychiatric diagnoses. Participants with any present or previous medical or neurological illnesses related to cognitive, sensory and motor functions were excluded from this study. All participants provided written informed consent and the experimental protocol was approved by the local institutional review board.
Experimental Setting and Task Procedure
As presented in figure 1 , the virtual daily-living task was to pack a few things for a trip. The virtual house, which comprised a bedroom, a living room, a kitchen and a bathroom, was displayed as a form of the egocentric view using a head-mounted display (HMD; eMagin Z800). The scenery continually changed in synchronization with head-movement data from the tracker (3DOF, intersence Intertrax 2), which was attached to the top of the participant's head. Participants could navigate the virtual house and execute their decisions using a joystick. The voice-recorded auditory stimuli were relayed via earphones.
Before beginning the virtual task, participants practiced getting used to the HMD and joystick for several minutes. Instructions for the task were then presented as a visual text and a voice. The first instruction informed participants of the final task objective, which was to find 8 target items on a packing list as quickly as possible. They were also informed of several tips, including 'Navigate the virtual house using the joystick to find the target items' and 'Put the items into a suitcase using a joystick button upon finding them'. They were allowed to check the packing list using a joystick button whenever they did not recall it. When they had picked up all target items, the task was finished. The time taken to complete the task and the number of times that they checked the packing list were automatically recorded as a measure of the task performance.
Participants performed the task under different conditions: (1) in the absence of unusual voices and avatars, (2) in the presence of unusual voices and the absence of avatars and (3) in the presence of unusual voices and avatars. In the condition with unusual voices, verbal stimuli of a short duration of less than 3 s were presented 10-15 times, either in synchronization with the participant's behaviors or not. Content similar to the simulated auditory hallucinations of some previous studies was utilized [21, 22] : benevolent/neutral words (e.g. 'you are the one' or 'it will be okay'), derogatory terms (e.g. 'you suck' or 'loser'), paranoid comments (e.g. 'everyone is laughing at you') and action-related commands (e.g. 'stop it'). All of these had been ranked as 'heard frequently' in our preliminary survey for evaluating what auditory hallucinations schizophrenia patients experience. In the condition with the avatars, 4 avatars were presented in the virtual house: 1 was sitting on a chair in the bedroom, 2 were sitting on a sofa in the living room, and the other was standing in the kitchen. They did not speak or move while participants performed the task. The order of the 3 conditions was randomized among the participants, and a 10-minute resting time was provided before going on to the next condition. On average, the entire experiment lasted 30-40 min.
Assessment Instruments
Before the experiment, cognitive ability was evaluated by Raven's Progressive Matrices (RPM) [23] and digit span. Compared with the normal control group, both patient groups showed lower cognitive ability when measured by RPM, but demonstrated equivocal ability when measured by digit span ( table 1 ) . Their clinical status was assessed using the Positive and Negative Syndrome Scale (PANSS) [24] . The 2 patient groups did not differ in positive-symptom subscale scores. In the analysis for each item, hallucinatory behavior scores were significantly higher in hallucinating patients than in nonhallucinating patients (t = 3.57, p ! 0.01); however, there were no group differences in the scores of the other 6 items, including delusion. Negative-symptom subscale scores were significantly higher in hallucinating patients than in nonhallucinating patients (t = 2.43, p = 0.02); however, there were no group differences in general-symptom subscale scores. Extrapyramidal side effects due to medication were monitored using the Barnes Akathisia Scale [25] and Simpson-Angus Scale [26] . The 2 patient groups did not differ in the level of extrapyramidal side effects or in the dose of antipsychotics.
After finishing the virtual task, participants were asked to answer questionnaires: the Simulator Sickness Questionnaire for subjective evaluation of simulator sickness [27] and the Presence Questionnaire for measuring how participants were immersed and focused on the virtual environment [28] . They were also asked to answer the Virtual Reality Experience Questionnaire (VREQ) that we developed for this experiment to evaluate responses to the unusual voices and the ease of performing a task in the virtual environment. As shown in table 2 , the VREQ was composed of 6 questions and 4-point Likert responses (1 = not at all, 4 = very much).
Data Analysis
One-way ANOVA was used to test differences between groups in the task completion time and the number of times the packing list was checked across the 3 task conditions. It was also used to test differences in answers to the post-task questionnaires. The Bonferroni test was used for post hoc analyses when a significant difference was found. In order to compare differences between the conditions, repeated measures ANOVA was done. Because there was no condition for the absence of unusual voices and presence of avatars in the study design, 2 separate analyses were conducted: to test for the main effect of either the presence of unusual voices or of avatars and the interaction of these effects with the group. In order to evaluate the effect of the symptom severity, Pearson correlation analyses were performed to correlate the performance of the virtual task with the subtotal and total scores of the PANSS in each patient group. 
Results
Task Completion Time
As shown in table 3 , the 3 groups showed significantly different task completion times for the condition without unusual voices and avatars (F [2, 53] = 7.39, p ! 0.01). Both patient groups completed the task more slowly than the normal control group (p hallucinating -normal control ! 0.01 and p nonhallucinating -normal control ! 0.01), and there was no significant difference between the 2 patient groups. On the other hand, the 3 groups did not show significantly different task completion times for the other 2 conditions. In repeated-measures ANOVA, the presence of unusual voices showed no significant main effect and interaction with the group, while the presence of avatars showed a significant main effect (F [2, 1] = 9.36, p ! 0.01) but no significant interaction with the group.
Number of Packing List Checks
The 3 groups demonstrated significant differences in the number of times they checked the packing list under all 3 conditions (F [2, 53] without unusual voices and without avatars = 18.78, p ! 0.01; F [2, 53] with unusual voices and without avatars = 23.50, p ! 0.01; F [2, 53] with unusual voices and with avatars = 11.73, p ! 0.01). Under the condition without unusual voices and avatars, both patient groups checked the packing list more times than the normal control group (p hallucinatingnormal control ! 0.01 and p nonhallucinating -normal control ! 0.01), and there was no difference between the 2 patient groups. Under the condition with unusual voices and without avatars, the nonhallucinating group checked the list more times than the hallucinating and normal control groups, and the hallucinating group checked the list more times than the normal control group (p nonhallucinating -hallucinating ! 0.01, p nonhallucinating -normal control ! 0.01 and p hallucinatingnormal control ! 0.01). Under the condition with unusual voice and avatars, the pattern of differences in the number of packing list checks among the 3 groups was the same as that under the condition without unusual voices and avatars. In repeated-measures ANOVA, the presence of unusual voices showed a significant main effect (F [ 
Group Differences in the Questionnaires
The 3 groups showed no difference in Simulator Sickness Questionnaire scores, but a significant difference in Presence Questionnaire scores (F [2, 53] = 4.45, p = 0.02; a significant difference was found only between the hallucinating and nonhallucinating groups). In the case of the VREQ, compared to the nonhallucinating and normal control groups, the hallucinating group reportedly felt that it was more difficult to ignore the unusual voices (F [2, 53] item1 = 5.35, p ! 0.01) and was more disturbed by the unusual voices (F [2, 53] item2 = 4.92, p = 0.01). However, the 3 groups did not show significant differences in the other items of the VREQ, indicating that both patient groups controlled the devices, performed the virtual task, navigated in the virtual environment and perceived the unusual voices as easily as the normal controls. 
Correlation of the Task Performance with the Symptom Severity
The hallucinating group showed a significant correlation of the task completion time with PANSS scores (r positive = 0.67, p ! 0.01; r negative = 0.50, p = 0.03; r general = 0.44, p = 0.07; r total = 0.58, p = 0.01) only under the condition with unusual voices and without avatars ( fig. 2 a) . In the nonhallucinating group, the only significant correlation of the task completion time with PANSS scores was found with general scores in the condition with unusual voices and avatars (r = 0.52, p = 0.03; fig. 2 b) . In contrast, there were no significant correlations between the number of packing list checks and PANSS scores in either patient group. 
Discussion
In this study, the ability of participants with schizophrenia to perform daily-living activities in a virtual environment was tested. Participants performed task-related behaviors (navigation and search) to achieve a goal (packing for a trip) while exposed to unusual voices and social situations. The first issue raised was whether or not the effect of hearing unusual voices on the performance of the task (i.e. on the time taken to complete the task and the number of times the packing list was checked) would be different between hallucinating and nonhallucinating patients. The results revealed no difference between the groups for task completion time, only for the number of times the packing list was checked; as expected, this difference was revealed to depend on a social situation. In this study, hallucinating patients checked the packing list less times than nonhallucinating patients when unusual voices were present without avatars, but not when they were present with avatars. This seemed to result from a difference in the familiarity with hallucinatory voices. When external sensory stimuli such as unusual voices are perceived, people can usually attribute them to voice-related contextual cues to reduce uncertainty and to improve efficiency in performing the activities of daily life [29] . When avatars were present, both hallucinating and nonhallucinating patients might easily have attributed unusual voices to the avatars. On the other hand, when no avatars were present, both hallucinating and nonhallucinating patients might have had difficulty in attributing unusual voices to an external cause. Because hallucinating patients are used to hearing hallucinatory voices even when they are alone, the condition without avatars appeared less strange for them than for the nonhallucinating patients; this familiarity with hallucinations may be also be a reason why they performed better than the nonhallucinating patients. In the situation with unusual voices and without avatars, remembering target items was more interfered with in nonhallucinating patients than in hallucinating patients.
Although the condition with unusual voices and without avatars was more familiar to hallucinating patients than nonhallucinating patients, this situation still seemed to be more stressful to hallucinating patients than the other conditions were. The task completion time in hallucinating patients was positively correlated with symptom severity only when unusual voices were heard without avatars. This feature may also stem from a difference in source attribution for each condition. When difficulty in attributing unusual voices to an external cause was encountered under the condition without avatars, hallucinating patients could equate the unusual voices with their own hallucinatory voices. This could be the reason why task completion was influenced in hallucinating patients by symptom severity only when unusual voices were present in a nonsocial situation. Schizophrenia patients describe auditory hallucinations as sounding like real voices [30] , but often experience difficulty in localizing their source [31, 32] . Schizophrenia patients also tend to perceive internal speech as coming from an external source [33] [34] [35] . Because of these characteristics, hallucinating patients in this study might have been confused when there was no possible agent to whom to attribute the unusual vocal stimuli. This confusion can induce distress and loss of control when hearing unusual voices, and it can interfere with appropriate coping strategies [36] . This interpretation is inconclusive, however, because during the experiment we did not ask the participants to what or to whom they attributed the unusual voices.
The second issue was whether or not there was a difference in subjective responses to unusual voices between the 2 patient groups. As shown in the results from the VREQ, hallucinating patients demonstrated the ability to ignore the unusual voices to a lesser degree and experienced more interference from the unusual voices than the nonhallucinating patients. This suggests that subjective responses to the unusual voices were stronger in hallucinating patients than in nonhallucinating patients. These responses are contradictory to the results from the number of times the packing list was checked as an objective measure. This discrepancy revealed that there could be a considerable gap between subjective experiences and real performances in hallucinating patients.
Hallucinating patients reported higher scores in the Presence Questionnaire than the nonhallucinating group, suggesting that the former -familiar with hearing unusual voices -were easily immersed in the virtual environment. Presence is defined as a participant's sense of 'being there' in the virtual environment [37] and occurs when a participant forgets that his/her perceptions are mediated by technology [38] . Higher presence indicates that a user perceives the virtual environment as real and that his/her sensations and actions are responsive to the virtual world as if it were the real world [38] [39] [40] [41] [42] [43] [44] . Therefore, stronger subjective responses to virtual stimuli in hallucinating patients may have been related to higher presence. Given that the subjective experience of virtual reality can impact on the effectiveness of virtual treat-ments [10, 45] , our findings indicate that the virtual task can be used in cognitive behavioral training to control auditory hallucinations.
There are some limitations to this study. First, despite efforts to balance demographic factors among the 3 groups, the hallucinating group was older than the other 2 groups. Because there was no difference between the 2 patient groups in education and cognitive ability as assessed by the RPM and digit span, a difference in age seemed less likely to affect the task performance. Second, the contents of the unusual voices in this study were composed similarly to that of common auditory hallucinations, so that the unusual voices mimicked auditory hallucinations. However, this was not verified by participants in the experiment. Third, the condition for the absence of unusual voices and the presence of avatars was not included in the study design. Although this was done to reduce the running time, it was problematic that we did not have data on the performance in a social situation without unusual voices. Fourth, the daily-living activities in this experiment were confined to packing travel items at home, and thus generalizations on the behavioral characteristics of other daily activities should be made with caution. For instance, different behaviors might have occurred if the task were an interpersonal activity. Finally, performance was measured according to only 2 parameters, the task completion time and the number of packing list checks. In order to reflect the real activities that make up daily life, a variety of task parameters should be included such as gaze pattern or behavioral change after auditory stimuli.
Conclusions
We developed the virtual daily-living task to assess the performance of daily activities, and used this task to measure the effect of unusual voices on the ability of schizophrenia patients to complete a common task. Schizophrenia patients with auditory hallucinations were less influenced by unusual voices in performing the task under the nonsocial condition without avatars; however, they felt more strongly affected by unusual voices. To better evaluate and thereby understand the difficulties faced by hallucinating patients in the context of their daily life and during behavioral training, discrepancies between objective and subjective measures as well as social situations should be taken into consideration.
